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Experimental Studies of Nonsuture Microvascular Anastomosis 
Using Soluble PVA Tube and Plastic Adhesive 
SEN YAMAGATA 
Department of Neurosurgery, Kyoto University Medical School 
(Director: Prof. Dr. HAJIME HANDA) 
A fast, easy anastomotic technique with a high patency rate would facilitate the development 
of microvascular surgery. This article described a new nonsuture method of microvascular 
anastomosis using a soluble tube made of polyvinyl alcohol (PV A) as an internal stent and plastic 
adhesive. For end-to-end anastomosis, three types of straight tubes were studied: one tube with 
a monolayered wall and two bilayered tubes of different thickness. The layers of the bilayered 
tubes consisted of PV A of different degree of solubility. As a plastic adhesive, isopropyl 2-
cyanoacrylate was employed. Anastomoses were easily performed on the common carotid arteries 
of rats, and macroscopic, angiographic, and histologic investigations were carried out at intervals 
ranging from 7 days to six months. The patency rates were 81 % for the monolayered tube, and 
92% and 98% for the bilayered tube. No aneurysm was observed. For end-to-side anasto-
mosis, T shaped tubes were made. The wall of the tube consisted of three concentric layers made 
of two PVA’s with different solubilities. Anastomoses were carried out on the both common 
carotid arteries of rats. Although on the first evaluation, 2 weeks after operation, the patency 
rates were more than 90%, anastomotic aneurysms developed in high rate in cases where the 
anastomosis was performed with minimal adhesive. However, no aneurysm was observed in 
cases where the anastomotic site was reinforced by adding plastic adhesive after the anastomosis 
was completed and the blood flow was reestablished. Moreover, in this group a high patency 
rates (95%) was maintained even at the second evaluation, 3 months after operation. 
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Present address: Department of Neurosurgery, Kyoto University Medical School, Kawahara-cho 54, Shogoin, 








































n : degree of polimerizatoon 
Fig. 1. Chemical structures of polyvinyl alcohol 
and polyvinyl acetate. A: Polyvinyl al-
cohol (PVA). B: Polyvinyl acetate. 
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Fig. 2. Chemical structure of alkyl 2・cyanoacrylate.















mm，内径は 0.35mmとした． 乙の tubeの生理食塩 B 
水中での溶解速度は5分前後で硬度が失なわれ始め，
約15分でほぼ消失した．
(2) 2種の異った PVAによる壁が二層構造の tube:
この tubeの内壁はケン化度目2%. 重合度120の 1'¥'A
を，外壁はケン化度885ぢ，重合度550の PVAを用い




Fig. 3. Soluble PVA tubes for end-to-end anasto-
mosis (outside diameter: 1.0 mm, inside 














Fig. 4. Technique for nonsuture end-to-end an-
astomosis. A: The appearance before 
anastomosis. Both ends of the transected 
common carotid artery are closed toget・ 
her. B: PV A tu be is inserted into the 
proximal common carotid artery. C: 
Both ends are hold together by the for・ 
ceps. Inserted PVA tube is stil main・ 




























らの tubeの外径は 1.0～l.3mm，内径は 0.6mmとし
た，生理食塩水中での溶解状態は，約10分で硬度が失
なわれ始め， 15分前後でほ Y溶解した．
Fi~. 5. Two kinds of T-shaped soluble PVA tubes 
for end-to-side anastomosis. 




















を7 イクロ用ピンセッ 卜にてつまみ， 24Gの注射針に
てどく少量ずつシアノアタリレート接着剤を付着させ
る（Fig.7C). この操作を血管を反転させながら吻合
部全体iζ行う． この方法により I型 tubeを使用し30
例の吻合を行ないその結果を検討した（GroupI）.こ
の吻合後の経過観察中IC吻合部動脈溜の発生がみられ


















Fig. 7. Technique for nonsuture end-to-side anastomosis. A: The appearance of 
both the common carotid arteries before anastomosis. To facilitate the 
anastomosis, adequate vessel length must be obtained. B: The insertion 
of the T-shaped tube into the vessels. C: The application of adhesive 





Fig. 8. The appearance of anastomotic site immediately after the release of hemostatic 
clamps. A: End-to-end anastomosis. B: End-to-side anastomosis. 












層性の solubletu be による吻合の開存率は80%(13/ 
16）であった．乙の tubeでの吻合においては tubeの
硬度が失なわれ始めるまでの時間が十分にあるため吻
Table 1. Results of end-to-end anastomosis 
PVA tube 
I. :¥lonolayered tube 
O.D. 0.80 1.00 mm 
I.D. 0.35mm 
I. Double layered tube 
1) O.D. 0.80-1.00 mm 
I .D. 0.35 mm 
2) O.D. 0.80 1.00 mm 































IIAで， 2日目， 4日自に1例づっ， 10日固に2例が
死亡した．これらの全例で死亡後吻合部の検索を行な
Fi~. 9. Angiogram one month after end-to・end 
anastomosis of the right common carotid 
artery句 Slightstenosis of the anastomo・ 
tic site (arrow). 
い， GroupIAの4例中3例IC吻合部周囲に血腫が認 乙れらの死亡例を除く63例で関存率及び吻合部動脈ぬ




Fig. 11. The histological appearance of the anastomotic site 1 month after operation. 
Infiltration with macrophages and inflammatory cells and slight五brosisaro-
und the adhesive can be seen. Endothelialization is completed. 
A: H. & E.，×50 B: I. & E.，×200 L=Lumen. CA=Cyanoacrylate 
I型 tubeを用いた GroupIの27例中25例は吻合部
の開存を認めたが，乙の中で2例に吻合部動脈痛がみ













成功率は，それぞれ GroupIで85ιふ GroupIIA 81 






Group Case No. 
















2 93箔（25/27) 2 ( 7%) 8590 (23/27) 
0 100% (16/16) 3 (19%) 81第（13/16)
1 95% (19/20) 0 95% (19/20) 







Table 3. Results of end-to-side anastomosis. Second evaluation (3 mos postop) 
Case Cases Simte Cases Successful Total Successful 
¥'.o Occl. Pat. ate With Aneu Anast. Rate Anast. Rate 一 『 ー ・
20 1 9500 1 90労（18/20) 77.06 
11 9106 。 91Gち（10/11) 74劣
17 。 100,Sち 。 100% (17/17) 95% 
Fig. 12. Formation of an aneurysm at the anastomotic site seen in the t山 eof 
end-to-side anastomosis (Group l. Magni日cationset at 14×． 
l例の donor血管の閉塞と1例の動脈癒の発生がみ Group I 90%, Group IA 91＇.弘 GroupIIB 100,Sちで
られた 11例の GroupIIAではl例の donor血管の あった．そして端ー側動脈吻合における 3ヶ月後の成
閉塞があり，動脈溜例はみられなかった．また17例の 功率は第l回目と第2回目の吻合成功率を掛けて計算
Group IIBでは閉塞例，動脈癌発生例のいづれも認め され，それぞれ GroupI 7'?0, Group IIA 74%. 
られなかった．以上の事より，吻合2週間後で開存し Group IIB 95,Sちであった.3ヶ月後の吻合部の所見は，
ていた例の3ヶ月後における吻合成功率はそれぞれ， 肉眼的には明らかに減少したシアノアクリ レー ト接着
Fig. 13. Si 




Fig. 14. Photomicrograph showing the complete endothelialization and the in五I-
tra ti on of lymphocytes around the adhesive 






























































得られていない＇＂＇ • 本研究において， 当初 methyl,
ethyl, isopropyl. isobutyl 2-cyanoacrylateを用い血管
壁のこれらの接着剤に対する反応を検討した．














































































donor vesselとrecipientvesselとの聞に pressuregra・ 
clientがないととよりより正確な吻合技術が要求され
ることになる．吻合される血管の血流の関係を考慮し










より行なった GroupIIA では16~J中 3{?1] (19%) Iζ
動脈癌の発生をみた．しかも乙の groupではさらに第









































































50回AmericanAssociation of Neurological Surgeons (Bos-
ton）にて発表した，
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